Abstract
Background
There has been a dramatic increase in the amount of research on implementation conducted since 1970. Much of this research has been concerned with operations research and management science models and there are many similarities between these models and information systems.
Computer-based information systems are an abstract model of information processing activities.
Many OR models are solved to present data for a decision-maker; the answers from the model are not necessarily the final solution to a problem. Sometimes several OR models or the same model using different parameters are solved for the same problem and the results compared. Under these conditions, an OR model is really a component of an information system which supports decision making. While thereare many features common between systems and models, OR models differ from information systems in their degree of mathematical sophistication. In general, the term implementation in this article applies to both systems and OR models as long as the model is used to provide information to a user.
A framework for discussing implementation problems was proposed by Churchman and Schainblatt in 1965 [1] . Rubenstein, et al. [13] presented data from case studies relating to organizational factors associated with the success of management science groups in industry. The authors described four stages in the development of management science groups: prebirth, introductory, transition, and maturity.
Randor, Rubenstein, and Tansik [12] presented a model of the factors influencing the implementa-' tion of operations research models based on their experiences in implementing R & D projects. Their research suggested that the type of environment in which the modeling activity occurs, the operationality of the organization's goals and outputs, top management support, and good client relations affect implementation.
Huysmans [2] found that the cognitive style of a user can constrain the acceptance of operations research recommendations. Shakun has advocated implementation through a process called "situational normativism" [15] .
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A major advance in implementation research came from a 1973 conference at the University of Pittsburgh [14] . A number of papers delivered at the conference enumerated different variables associated with successful implementation. Gibson found that personality types and business and social histo~ have an impact on attitudes toward a model. Souder and others reported that attitudes, model characteristics, personal decision variables, and organizational factors were related to the intended use of models. Schultz and Slevin feel that attitudes, dimensions of performance, goals, support, interpersonal relations, the client-researcher relationship, and project urgency are associated with the'intended use of a model, the chance of model success and model accuracy. Other researchers at the conference reported that top management support, personal involvement, decision style, attitudes, and personal and situational variables were associated with implemen* tation success.
Maher and Rubenstein [11] conducted research on the use of an R & D project selection model using risk analysis. Willingness to adopt the model was positively associated with the perceived value of data generated by the model, the perceived appropriateness of information, the perceived value of changes in project research strategy, and certain model characteristics.
Much of the research described above has dealt with various factors associated with different measures of implementation success. Other research has focused more on the process of implementation, often characterizing it as a social changes process. For example, Ginzberg has applied a process model of consulting to implementation and tested the stages in the model data [3] . The model presented in the next section of this article deals primarily with classes of variables associated with successfui implementation, so other types of implementation research have been omitted from this review of the literature. For a more comprehensive classification of implementation research and bibliography, see Keen [4] . Usage and/or satisfaction measures must be defined operationally for each system studied. In some instances one would measure use by frequency of inquiries while in another study, self-reports on a questionnaire might be employed. Use and satisfaction are relative, that is, they are measured in general on a continuous as opposed to a binary scale. Less and more use or satisfaction are then defined operationally by where individuals fall on the continuous scale.
The Model

Hypotheses
It is possible to derive a series of hypotheses about implementation from the research model. Empirical data can be used to test these hypotheses and confirm or revise the research model.
Attitudes
There are two major classes of variables in the model of Figure 1 : attitudes and implementation success. Attitudes (A) are hypothesized to be function of the quality of a system or model (Q) and management support (M).
1] A=f(Q,M)
Two hypotheses follow from Equation [1] (Hypotheses are numbered to correspond with the numbers on the arrows in Figure 1 ):
User attitudes and perceptions are related to successful implementation.
A model must be of sufficient quality so that output is valid and useful: a poor quality model discourages users and leads to unfavorable attitudes. Quality here is defined on user-oriented criteria rather than technical elegance. A high quality system has a pleasant user interface, is available and reliable, etc. There have been numerous information systems with such poor design that input could not be provided or where the output was impossible to comprehend. One expects poor user attitudes to result from such low quality systems. The user interface and the logic of the model or system must be of sufficient quality to facilitate the development of favorable attitudes.
Management support is related to user attitudes toward models.
Management plays a leadership role in the organization. If management emphasizes a modeling effort or information system and provides rewards to subordinates for participating in modeling, attitudes, and perceptions of modeling or an information system should be favorable.
Implementation
The descriptive research model suggests that five classes of variables influence successful implementation as shown in Equation [2] .
3. The quality of a system or model Is related to Implementation success.
This proposition seems almost tautological; however, it may be forgotten in practice. Information systems designers in particular have been guilty of developing, input forms which are impossible to complete. If input is sufficiently difficult, it may be impossible to use as was the case with one factory floor data collection system which had to be withdrawn because of poor input design. Many systems produce incomprehensible output, so that use of the information is discouraged. Not only the format, but the logic of the system or model is also important. If an OR model makes unreasonable assumptions or is not validated and tested, potential users will have no faith in the solutions it provides. Technical quality must be evaluated on criteria of importance for users, and not on technical elegance alone. Unfortunately, quality in this technical sense is necessity, but not sufficient criterion for successful implementation. The other variables described below must also be considered according to the model of Figure 1 .
User attitudes and perceptions are related to implementation success.
Specific attitudes are a good predictor of certain types of behavior, since attitudes have an action component. Especially where model use is voluntary, high levels of use should be associated with favorable attitudes and perceptions: knowing an individual's attitudes ab.out something like a system helps to predict his or her behavior toward that specific object.
The decision style of the user is related to Implementation success.
Experiments by Huysmans demonstrated that decision style can be an important constraint in implementation {2]. There is no one accepted definition of decision style, though in general it represents a predisposition to attack a problem from a given perspective. For example, an engineer is often characterized as looking for quantitative solutions, while a lawyer is more likely to find qualitative explanations for a problem. It is expected that quantitative decision makers are more likely to use models than heuristic decision makers.
6. Management support Is related to Implementation success.
Just as support by management is expected to influence attitudes, support should also directly influence system use. If managers review the design of a model or system and actively use the output, subordinates should follow their lead. (In the studies that follow, management support refers to supervisors above users, who in several instances are managers themselves.)
7. Situational and personal factors are related to implementation success.
An individual's unique position influences his Or her response to a model. A bank manager with twenty years of experience at one branch will probably make different use of a marketing model of customer potential than a manager with six months of experience at a branch.
The model in Figure 1 and the hypotheses suggest causality. However, most of the evidence which follows cannot support causal arguments because of its cross-sectional design. The data support the existence of a relationship as hypothesized, but only further longitudinal or experimental research will provide compelling evidence for causal,ity.
The Studies
This article summarizes the results Of nine empirical studies of implementation which are used to test the hypotheses derived from the model of Figure 1 . Because of space limitations, only summaries of the studies can be presented; however, details of each study are available either from the author or in the literature [4o10]. Table 1 provides an overview of the nine studies. 
Summary of the Research Studies
Mo~el of Implementation
The first study was exploratory in nature and involved six firms [6] . The firms represented three industries: clothing, food processing, and distribution. A questionnaire was developed to measure user attitudes and perceptions of computer-based information systems in this cross-sectional study.
The second study of seven San Francisco Bay Area manufacturing firms extended the results of the Six Company Study [6] . In addition to user questionnaires, the manager of the information services department in each firm furnished data on company systems design and operations policies. These seven firms are typical of medium-sized manufacturing operations; they produce goods ranging from foodstuffs to minicomputers.
The next study focused on administrative computing services in a major university [6] . The computer staff had developed a number of batch systems in areas like accounting, payroll, employee data, student and alumni records, etc. A sophisticated online system was being implemented at the time of the study. A questionnaire was administered to users of these systems to determine their level of use and user attitudes and perceptions of computer services. An independent measure of system quality was also developed. Analysts in the computer department completed a questionnaire about systems on which they had worked. The questionnaire forced an evaluation on user-oriented criteria rather than on the technical elegance or sophistication of the system. These results were averaged to form a score for each system. Then for each user system quality was scored by averaging ratings for each system with which the user had contact.
The fourth study involved 419 sales representatives and managers of a major apparel manufacturing and distribution firm [6] . Salespersons in the three divisions of the company completed questionnaires about their use of a major sales information system. These answers were supplemented with data obtained from computer and other company records.
Another research project was conducted in a major California bank with over 200 branches [6] . The study focused on four major reports sent to branch managers; most managers also routed the reports to assistant managers. The first report deals with the achievement of branch objectives while the second repoi-t presents the earnings on deposits and loans, and a summary of the current expenses for the branch. The third report shows deposit and loan balances for each type of account for each month and the final report is a detailed balance sheet for the branch. Managers and assistant managers in each branch completed questionnaires about their use of the reports while company records yielded a number of situational and personal variables.
The sixth study involved an operations research model developed by a major brokerage firm [10] . This model, based on "technical analysis," could be used by the firm's account executives throughout the United States. The computer model employs a number of exponential smoothing techniques to predict the performance of securities in different industry groups. A staff of analysts converts these recommendations into advice on specific securities. The model can be used as a sales tool or for timing security transactions. The research study employed questionnaires along with situational and personal data from the company study account executive use of the model.
A study was undertaken of the implementation of online planning models used by 25 managers and 16 technical staff members in 21 firms [8] . These companies all use the same higher level language for building planning models and execute the models on one of two timesharing systems with identical computer equipment. There were four sources of data in the study:
1. a mail questionnaire completed by managers and technical staff members, all of whom were model users in each firm; 2. usage data from the timesharing services where the models are operated; 3. a questionnaire completed by consultants assigned by the planning language vendor to each client; 4. field interviews in the companies.
The data collected include information on user attitudes and perceptions, the background of users, characteristics of the company and model, and actual usage of the models on the timesharing systems.
The eighth study providing data to test hypotheses derived from the research model involved an online information storage and retrieval system used in medical research [9] . The system provides article titles and abstracts in response to complex Boolean retrieval requests. Researchers and other users of the system developed by a major pharmaceuticals manufacturing firm completed a questionnaire to PrOvide data on attitudes and situational and personal factors. Usage of the system was measured through a monitor in the computer system which maintained a record of user retrieval requests.
The last study was a longitudinal field experiment undertaken in two divisions of the apparel company in the fourth study [7] . In the experimental division of the second study, a new optical character recognition (OCR) input form was being implemented. The goal of the OCR system was to eliminate keypunching and improve customer service by reducing Order cycle times. To use the new forms, sales persons had to print very clearly. The new input form also required a centralized order processing system which represented a change in existing procedures. Concommitantly with the change, an automated warehouse was opened, though this event had no direct relationship with the new OCR system. Sales representatives in the experimental division completed a questionnaire prior to a training session held just before the implementation of the new form, and completed a follow-up questionnaire several months later. A random sample of sales representatives from a similar division where there were no changes in order entry acted as a control group. Because use is required for sales representatives in the experi-" mental division, satisfaction was used to measure implementation success. The research design in this study is longitudinal and quasiexperimental which provides more evidence to support causal implications.
These studies represent a variety of research techniques as shown in Table 1 . Seven of the studies involve computer-based information systems and two include computer-based OR models. Some 40 organizations and over 2,900 individuals have been involved in the research. The multiplicity of data sources and studies reduces the suspicion that the peculiarities of one setting or problems witha single questionnaire are responsible for observed relationships.
The characteristics of the studies and the nature of the indicators of successful implementation used in each are shown in Table 1 .
Results
This section summarizes the results of the nine studies which pertain to the descriptive model of Figure 1 . It should be noted that each study did not test all of the proposed relationships in the model, either because the model was not completely developed at the time of the research or because the research situation precluded measuring certain classes of variables. In each study, operational variables corresponding to variable classes in the model were defined. The summary tables describing the results of the studies indicate the analysis technique used for each project.
The paragraphs that follow are numbered to correspond to the hypotheses and model of Figure 1 . All results are atthe .10 level or better, and most are at the .05 level.
Attitudes and perceptions
(1) Table 2 contains the results of the studies which apply to the sized relationships of Equation [1] between model quality, management support, and attitudes and perceptions toward an information system or model. Three of the studies provide data to support the existence of a relationship between system quality and user attitudes. In the University Study, two regression equations predicting attitudes and perceptions had positive coefficients for all system quality variables. In the Planning Model Study, planning model characteristics were significantly correlated with six favorable attitude variables.
In the longitudinal Sales Force Study of the implementation of an OCR input form, perceptions of the quality of the system declined as did ratings of four out of five perception variables in the experimental group. All of the changes were significant when compared with the responses of the control group not using the new input form. When the new OCR input form was implemented, an experimental computer system was used which actually increased the length of time required to enter orders and acknowledge their receipt when compared with the normal, non-experimental system. Even though unconnected to the OCR system, minor problems were experienced with a new automated warehouse which also probably influenced sales force ratings of computerbased systems. Thus, it appears that system quality declined in the experimental group and this decline influenced user attitudes and perceptions. In summary, the studies provide supportive evidence for the relationships indicated in the research model and equation [1] ; however, further work is needed, particularly to better define the various aspects and possible actions constituting management support and to develop an understanding of what system characteristics are most strongly associated with attitudes.
Results
Management
Implementation success
Equation [2] suggests that five classes of variables are associated with implementation success. The results of the studies and the evidence they provide for these relationships are shown in Table 3 . (3) It was hypothesized that the quality of system is an important determinant of success; if a system is of low quality, it cannot be used. The University Study provides strong support for this hypothesis. The batch systems in use at the university had been installed for a number of years; they were well debugged and users seemed pleased with their operation. For the online systems, responses were significantly less positive about the application. This experimental system had experienced a number of delays in installation, was difficult to use, and often failed during operation. Despite these problems, the majority of system quality variables involved in four regression equations predicting system use have positive coefficients.' Positive correlations were also found in the Planning Model Study when model characteristics were compared with seven usage variables. Satisfaction, the measure of implementation success in the second sales force study, declined significantly after the installation of the OCR input form in the experimental division. The consensus of those working to develop the new system was that service quality decreased; it 'For all of the studies, only linear results are presented as they offer the most parsimonious explanation of the data. In several studies, curvilinear equations offered no better fit.
certainly did not improve. In fact, after the introduction of the new system, perceptions of system service quality were more st.rongly correlated with satisfaction than before the new system was installed. This longitudinal design provides some causal evidence that model quality influences implementation success ratings. The results of these studies offer strong support for the third hypothesis.
(4) Probably the most significant finding from all of the studies is the relationship between attitudes and perceptions and implementation success. Six of the nine studies contained appropriate variables to test this relationship and in each instance the results are overwhelmingly in support of the hypothesis. See Table 3 .
The results of the university study also offer an interesting insight into the relationship between use an~ attitudes. The model suggests that attitudes are a good predictor of use. However, one can also reason that involuntary use of a low quality system may be associated with unfavorable attitudes. The coefficients of the attitude variables in two usage regression equations for the problem online system at the university are both negative. Use of this system was required, and the results suggest that forced use of a poor quality system may lead to the development of unfavorable attitudes. to use the system than colleagues whose reference leader has unfavorable attitudes toward the system. Satisfaction decreased significantly for experimental compared with control group after installation of new system. Perceptions of system service quality are more strongly correlated with satisfaction at time 2 than at time 1.
style and successful implementation; it also suggests that more quantitatively-oriented decision makers are expected to use a system model more than intuitive decision makers. The results of four of the studies offer support for the relationship between the way an individual thinks and approaches his or her job and the use of an information system or model. However, in general the direction of the relationship is hard to forecast in advance. In the Planning Model Study, the results are the opposite of the expectation: more quantitative decision makers used models less than more intuitive decision makers. One possible explanation for this finding is that more quantitative individuals are aware of the limitations and assumptions inherent in a planning model of the entire firm based on fairly simple equations. This knowledge leads to a realistic, but critical evaluation of modeling.
(6) The relationship between management support and implementation success is demonstrated in the Planning Model and Pharmaceuticals Studies. Simple correlations in the Planning Model Study between support and use are significant for five out of seven usage variables and all results are positive. In the analysis of the Pharmaceuticals Study, users of the system were divided into two groups: those who were chosen as a reference by colleagues and those who were not. In general, the chosen group contained managers and more senior personnel in the research laboratory.
The users who were not chosen by others as a reference wer~ then further divided into two groups depending on the attitude of the people they chose as a reference. The nonreference users are far more likely to have used the retrieval system if their reference group leader has favorable attitudes toward the system. It appears that the actions of the "subordinate" group in this case are fully consistent with the attitudes of reference leaders.
(7) The last class of variables hypothesized to associated with implementation success is situational and personal factors. Five of the studies included these variables, and situational and personal variables are significant in all of them. Unfortunately, no clear pattern emerges, making a priori prediction very difficult. To be of maximum utility, the results of such studies should help the potential implementor understand how situational and personal factors are likely to impact implementation success. The clearest finding that emerges from these studies confirms the earlier predictions that the older and less educated member of the organization is most likely to resist a computer-based system. Discussion of the studies described above and summarized in Table 4 are generally consistent with the findings of past research reviewed earlier. The importance of organizational context in implementation was stressed by Radnor, Rubenstein, and Tansik [12] and these factors correspond to personal and situational variables in the model. Similarly the research results above suggest the importance of cognitive or decision style as discussed by Huysmans [2] . Attitude results for the local model are also consistent in general with the studies reported by Schultz and Slevin [14] . Swanson [16] found that involvement and attitudes were important variables in predicting system use. Schultz, Slevin, Bean, et al. [14] found a positive relationship betw'een management support and implementation success. Though the operationalized variables in these studies may differ somewhat, they are all supportive of the importance of the classes of variables in the model of Figure 1 in successful implementation.
While the studies are all supportive of the relationships hypothesized in Equation [2] between implementation success and other factors, only one of the research projects featured a longitudinal design, so the causal implications of the research model are still speculative. More research is needed to examine the way in which attitudes relate to implementation success and to determine which attitude components are most crucial. More sophisticated studies should include different attributes of attitudes and try to determine the relative importance of the attributes in influencing behavior toward a system or model. How can existing strong, unfavorable attitudes toward OR models and information systems be changed prior to undertaking the design of a system? Further work also is needed to understand decision style and the way in which it influences implementation success. If different types of decision styles can be related to specific model attributes, then it should be possible to administer a test of decision style and design models appropriate for potential users. For example, if a decision maker who is quanti- 
Implications
The relationship indicated in the model of Figure  1 receives substantial support from the nine studies tho~Jgh more evidence on causality is needed. The hypotheses are not definitely confirmed, but the relationships appear sufficiently strong to seriously consider the implications of the results in planning the implementation of a computer-based information system or OR/MS model.
The quality of the model in terms of its output, problem solution, and systems interface with the user should be high. For guidelines to developing quality systems, see [5] . Model quality is important so that a model, if used, will help the decision maker solve a problem and help encourage the development of favorable atti-o tudes. Also, a pleasant interface, such as welldesigned online response will encourage use.
Attitudes
and perceptions should also be favorable to encourage high levels of model use. Probably a certain level of positive attitudes is needed for first use of a model; subsequent experience with the model influences attitudes. If this experience is positive, attitudes will become more favorable, creating a positive cycle between use and attitudes.
It is also important to consider decision style in planning implementation.
A designer may want to administer a test to classify potential users and to have representatives of different types of decision style, such as analytic and heuristic, involved on a design team. Management support and leadership are also helpful in model or system building. Can the active participation and encouragement of top management be obtained for a modeling effort orthe design of an information system? Situational and personal factors also appear important. In planning implementation one can use these factors to select a design team; for example, the designer might include branch bank managers from. branches with widely differing demographic characteristics. One can also try to predict the impact of a system or model on individuals in advance of implementation and tailor a training program.
It has been suggested that users should design computer-based information systems and models to the extent possible [5] . User design helps to create ownership of the finished product and a high quality model or system. Users clearly must be involved in order to define what is to be accomplished and to build a quality model. By having control over the model, users should develop more favorable attitudes and perceptions of it. User design should result in a model or system which corresponds to the user's decision style and reflects different situational and personal factors.
It is easier to have users design an information system than an OR model because the technology of a computer system is less complex than are the mathematics of most models. However, even for sohpisticated models, the user can define the problem situation and desired output. Users should help verify model assumptions and validation tests. An operations researcher should be able to present a simplified version of a model so the user will understand the techniques involved.
Probably the most important message from this research on implementation is that designers should consciously plan for successful implementation from the beginning of the design process. Hopefully, the model and research results discussed here can be applied to increase the probability of success in the implementation of information systems and OR models.
